Abstract -Water-soluble polymer, cationic poly(N-[3-hexyldimethyl-aminopropyl] methacrylamide bromide) (PHDAPMAA), is synthesized by radical polymerization and studied in terms of its solubility, viscosity, surface tension and conductivity. Viscometry and surface tension measurements confirmed that intramolecular hydrophobic microdomains were formed by the pendent alkyl chains. Conductivity of cationic polymer in aqueous solution was determined. Variation of conductivity versus concentration in investigated system exhibits a typical polyelectrolyte behaviour.
I. INTRODUCTION
In recent years, commercial applications of water-soluble hydrophobically associating polymers have been introduced, particularly, as dispersing agents, surface-modifiers, and in textile, pharmaceutical and other related industries [1] - [6] . Among these polymers, hydrophobically associating polyacrylamide (HAPAM) is especially attractive [7] -[10. It is well known that there is intramolecular association and intermolecular association in HAPAM aqueous solution due to the presence of hydrophobic groups. Especially, cationic polyacrylamides are a kind of important cationic polyelectrolyte and are extensively used as flocculants for liquid/solid separation, retention and drainage aids in papermaking, flotation aids and demulsifiers for oil/water clarification, as soil improvers and drainage aids, etc. [11] -13. Various cationic amphiphilic polymers like poly(N-3-(dimethylamino)propyl] methacrylamide) [14] , [15 have been synthesized and studied for the same reasons. One additional attractive feature of these cationic polymers is their ability to allow the formation of intramolecular aggregates in presence of water [16]- [19] . It is the so called polysoap that is similar to surfactant in certain properties [20.
In the present study we report the synthesis and characterization of cationic polymer poly(N-[3-hexyldimethylaminopropyl] methacrylamide bromide) [poly(HDAPMAA)] .
The present paper reports the viscometric, conductimetry and properties of the cationic water-soluble polymer, particularly, the effect of an inorganic salt (NaCl) on the solution properties of poly(HDAPMAA). Detailed results of the synthesis and solution behaviours of the polymers are presented.
II. MATERIALS AND METHODS

A. Materials
Commercial N-3-(dimethylamino)propyl] methacrylamide (DAPMAA, Aldrich) was distilled under reduced pressure (80-85 °C, 0.2 mm Hg) in order to remove stabiliser under argon atmosphere. 2,2'-Azobis (isobutyronitrile) (AIBN, Acros Organics) was purified by recrystallization from methanol. Hydroquinone (Aldrich) and 1-bromohexane (Aldrich) were used as received.
B. Measurements
1 H NMR spectra were recorded using a Bruker Avance instrument operated in CDCl3 at 300 MHz. IR spectra were recorded in the range 4000-400 cm −1 for the synthesized polymer (FTIR SCHIMADZU IRTF 8300 Spectrometer). Conductivity measurements were performed with Inolab Level1 model at 25 °C ± 0.1, using platinum-black electrode with an electrode constant of K = 0.80 cm −1 .Viscometric measurements were carried out with a capillary viscometer standard Ubbelohde with thermostatted bath at 30 °C ± 0.1. Surface tension was measured by plate method with Gibertini TDS digital tensiometer at 25 °C. All polymer solutions were prepared by dissolution in water and maintained at 25 °C.
C. Polymer Synthesis and Characterization: Synthesis of
Cationic Monomer N-[3-Hexyldimethyl-aminopropyl methacrylamide bromide (HDAPMAA) was synthesized via quaternization reaction [21] of N-3-(dimethylamino) propyl] methacrylamide and 1-bromohexane. In a single-neck flask with a glass stopper 10 mL of acetonitrile was added to a mixture of 0.03 mol of N-3-(dimethylamino)propyl] methacrylamide, 0.03 mol of 1-bromohexane and a small amount of inhibitor (hydroquinone). The flask was closed under argon atmosphere and heated at 50 °C under magnetic stirring for about 72 h. The solvents were then removed in vacuum below 40 °C, and the oily residue left to stand and washed several times with dry diethyl ether. The synthetic route for HDAPMAA is shown in Fig. 1 The polymer was prepared by radical polymerization using AIBN (0.1 %) as initiator at 60 °C. Monomer was degassed by argon after the initiator was quickly introduced. The polymer was purified by three cycles of dissolution-precipitation, from chloroform into a large excess of heptane, to eliminate the unreacted monomer. The resulting precipitates were filtered off and dried at 60 °C for 24 h to constant weight (yield = 80 %). was normalized using (CH2, CH3) stretching band of PHDAPMAA. 
III. RESULTS AND DISCUSSION
A. Solubility of Cationic Polymer
The solubilities of polymers were tested in some standard solvents. The cationic polymer is soluble in water, methanol, ethanol, acetonitrile and chloroform, but insoluble in heptane, THF, ethyl acetate, benzene and dioxane.
B. Viscosity Measurements
In order to obtain a concentration of [Cp] = 2.10 −3 g·mL −1 of polymer, a quantity of 0.04 g was dissolved in 20 mL of the appropriate solvent using a graduated flask. The solution was agitated using a magnetic bar for 15 min at ambient temperature and filtered using usual filter paper.
The polymers displayed regular viscosity behaviour in solution of chloroform for a large concentration, therefore allowing to determine intrinsic viscosity. The intrinsic viscosity then enabled to calculate the corresponding average molecular weight by Mark-Houwink relationship, formerly reported for very closely related polymers obtained from acrylates containing tertiary amine groups. The average molar mass of polymer, Mw = 8. The results indicate that the increase of temperature was favourable to intermolecular associations in a certain range of temperature. This was due to the increase of endothermic process of entropy for hydrophobic association at a low temperature range [23] .
C. The Effect of Temperature
However, increasing the temperature of the solution above 30 °C led to a reduction of the solvent viscosity and hence an increase in the mobility of the polymer chains while the solubility of the polymer increased with temperature.
D. The Effect of Water Content
The objective of our study of the viscosimetric behaviour of the polymer in ethanol as solvent in the presence of an increasing proportion of water was to determine the exact nature (intra-or intermolecular side chain aggregation) of the micelle-like pseudo-phases. Fig. 6 shows the variations of the reduced viscosity of the polymer solutions (0.002 g·mL −1 ) as a function of water content in the water/ethanol mixture. The maximum reduced viscosity was obtained in pure ethanol, which is a good solvent. The addition of water, even in small amounts, triggers a strong decrease of the reduced viscosity. Thus, the hydrodynamic volume of the macromolecule in solution was strongly reduced by folding effects. It can be well explained by the hydrophobic effect responsible for the intramolecular aggregation of the alkyl side chains. 
E. Effect of Inorganic Salt Concentration on Viscosity of Polymer Solution
Fig . 7 shows the dependence of concentration on the solution viscosity for polymer in deionized water and in 0.1 M NaCl solution, respectively. In both cases almost the same solution behaviour was observed. The reduced viscosities of polymer in absence of NaCl solutions as a function of polymer mass concentration Cp showed typical behaviour of polyelectrolyte -increasing with decreasing Cp. The reduced viscosity of polymer solution decreased with salt addition of 0.05-1 M at a fixed polymer concentration.
In the presence of 1 M of NaCl, reduced viscosity linearly varied with the polymer concentration. Extrapolation with null concentration made it possible to determine the value of its intrinsic viscosity [] , which was about 300 mL·g 
F. Surface Tension Measurements
Fig . 8 shows the semi-logarithmic plots of the surface tension as a function of LnCp. As is seen, the polymer exhibited a nearly constant surface tension value at low polymer concentrations which proves that molecular adsorption at the water/air interface is very weak. This adsorption became more prevalent when polymer concentration became higher than 1.5·10 −2 g·mL −1 which was regarded as the formation of microdomains. 
G. Conductivity Measurements
Experimental results of molar conductivity  for aqueous solution of synthetic polymer are plotted in Fig. 9 as function of the square root of concentration. From the figure we observe that this system followed a typical polyelectrolyte behaviour, where the molar conductivity  increased with decreasing concentration, followed by a rapid increase at higher dilutions, which were attributed to the increase in the counter-ion mobility (Br − ). 
IV. CONCLUSION
Quaternary ammonium polymer was prepared by radical polymerization of DAPMAA at 60 °C. The monomer and polymers were characterized by FTIR and 1 H NMR. The physico-chemical properties of cationic amphiphilic polymer depended on the environmental parameters (temperature, salinity, water content). Viscosity measurements were carried out with aqueous solutions of a polymer and revealed intramolecular associative properties. In particular, the variation of the reduced viscosity of polymer solutions reflected the formation of hydrophobic micro-domains in water. Surface tension method confirmed these observations, while providing complementary information. The synthesized polymers exhibited hydrophobic aggregation in water characteristic of a general behaviour of polysoaps. Conductivity measurements showed that polyelectrolyte conductivity increases with decreasing concentration. Such behaviour may be attributed to dissociated form of counter-ion and their high mobility at infinite dilution.
